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ABSTRACT 



A model developed recently uses regression and analytic techniques 
to estimate the length of service (LOS) distribution of advancements in 
the Navy Enlisted Force by pay grade and rating. The distribution is a 
function of the total volume of advancees to a pay grade of the rating 
as well as the LOS distribution of the net inventory of the next lower 
pay grade of the same rating. The model previously tested for three 
ratings only is now extended to all ratings of the Navy Enlisted Force. 
The new procedure is then compared and found to be superior to the cur- 
rently used method of distributing advancees among LOS cells. This con- 
clusion is based on the accuracy of the FY 1976 estimates. 
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I. INTRODUCTION 



A. Background and Problem Statement 

This is the third technical report on the problem of estimating the length 
of service (LOS) distribution of advancees in the Enlisted Navy. The research 
that was devoted to this topic was part of a series of research projects on 
personnel problems of the Enlisted Navy sponsored alternately by the Naval 
Personnel Research and Development Center (NPRDC) in San Diego and the Bureau 
of Naval Personnel (BUPERS) in Washington, D.C. during the fiscal years (FY) 
1975-77. 

The problem of estimating the LOS distribution of advancements, which 
is the subject of this report, originated in the notion that the shape of 
this distribution should be a highly sensitive function of the total "volume” 
of people to be advanced from one pay grade to the next. As was reported 
previously (Milch, 1976a and 1976b), the dependence of the LOS distribution 
of advancements on the total volume of advancees to a pay grade may be ex- 
hibited not from the data but through a model of the advancement system. 

In fact, two models — a regression model (Milch, 1976a) and a simplified 
analytic model (Milch, 1976b) — were built. Both of these serve the purpose 
of estimating the LOS distribution of advancements as a function of the volume 
of advancements and the LOS distribution of the net inventory in the next lower 
pay grade. Net inventories are defined as inventories at the beginning of the 
fiscal year less losses plus nonrecruit gains to the Navy during the fiscal 
year. Net inventories in a pay grade serve as a resource population for ad- 
vancees to the next higher pay grade. 

The models developed in the reports by Milch, 1976a and 1976b were tested 
on three ratings (Operations Specialist, Radioman and Personnelman) . They 
were also compared to the method of estimating the LOS distribution of ad- 
vancements currently used by FAST, BUPERS f comprehensive computer model that 
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attempts to duplicate practically all personnel flows in the Navy Enlisted Force. 

Based on these comparisons and on detailed discussions with the sponsors, 
it was decided to choose the analytic model (Milch, 1976b) for its conceptual 
and computational advantages and use it to estimate the LOS distribution of ad- 
vancements of all ratings. Although based on the three ratings mentioned above 
the model’s predictive qualities definitely surpassed those of FAST, it was 
considered necessary to compare the two estimating procedures for all ratings 
before the new method could be incorporated in FAST. 

The present report summarizes some of the difficulties that were encountered 
when the new procedure was extended to all ratings and provides a rating-by- 
rating comparison with the current FAST estimating procedure. For a full under- 
standing of the present report, it is necessary to have familiarity with the 
regression and analytic models both explained in Milch, 1976b. 
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II. DISCUSSION OF EXTENDING THE MODEL 



A. Computational Problems of Extending the Model to All Ratings 

In the previous report by Milch, 1976b the moments of the regression model 
were approximated by formulas that made their computation less cumbersome. From 
these formulas the parameters of the gamma distribution were estimated through 
the method of moments. Then the gamma distribution was used to provide an es- 
timate of the LOS distribution of advancements to a pay grade of any given 
rating. This way the estimated distribution depended on only fifteen para- 
meters. Although these fifteen parameters must originally be computed from 
the ninety-three regression coefficients of the regression model, this compu- 
tation need be performed only once until new additional data becomes available. 
The fifteen parameters (for each pay grade of each rating) would then be stored 
in the computer. 

From these parameters the model would then compute a new estimated LOS 
distribution of advancements for every new set of pay grade total (volume) of 
advancements and net inventory LOS distribution. When new data of net inven- 
tories and advancements become available the regression could be redone, a 
new set of fifteen parameters computed and stored in the computer. These could 
then be used for estimating the LOS distribution of advancements for the next 
fiscal year. 

The extension of this procedure to all ratings presented some problems, 
mostly in cases where only a few years of data were available on which to per- 
form the regression. The apparent statistical instability in the resulting re- 
gression coefficients caused the approximating formulas for the moments of the 
estimated LOS distribution of advancements to become highly inaccurate. This 
caused the formula for the sample variance to become negative in some cases 
which rendered the method of moments for estimating the gamma parameters infea- 
sible. 
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In mathematical terms the problem is described as follows. The formulas 



approximating the first two moments of the regression model were given in Milch 
1976b by 



S (a) + S (61) + S (y)V 

k : 16 ^ ± (1) 

S (a) + S (61) + s (y)V 
o o o 



and 

A A 

S (a) + S (01) + s ry)v 

K : 336 — r— (2) 

S 0 (a) + S (01) + S q (Y)V 



where for r = 0,1,2 



31 



*r<-> ’ : .1 “1 • 

r 1=1 



31 

n = l i r 
r i=l 



with S^(6I), S^(y) defined analogously, and a_^, 6^> are the regression 

coefficients in the regression equations: 



A. = a. + 6.1. + y.V , i = 1,2, ..., 31 
l 1 li l 



Here A. and I. are the number of advancements to a pay grade and the net 
li 

inventory in the next lower pay grade, respectively, both in LOS cell i. 
Finally, V is the total volume of advancements to the pay grade: 



31 

v = y A. 
i-i 1 



Then the sample variance is computed from 



~ v ^ 2 

K 2 = V-l (K 2 " K l' 



( 3 ) 



In order to investigate under what circumstances may be negative 

formulas (1) and (2) are rewritten as 



4 



(4) 



K 



1 



: 16 



c + dV 
a + bV 



and 



- ,, r e + fV 

K 2 ~ 336 TTbV 



(5) 



where 



a = S Q (a) + S 0 (8I) 



b = s 0 ( Y ) 



c = (a) + S 1 (8I) 



d = S 1 (y) 



( 6 ) 



e = S 2 (a) + S 2 (8I) 



f = s 2 (y) 



Then K 2 < 0 occurs iff 



336 (e + fV) (a + bV) - (16) 2 (c + dV) 2 < 0 



that is iff 



P(V) = AV + BV + C < 0 



(7) 



where 

A = 21bf = 16d 2 

B = 21 (af + be) - 32cd (8) 

C = 21ae - 16c 2 

As is evident from (7) the problem becomes one of investigating the 
location of a parabola, P(V) = 0, with respect to the V-axis (see e.g. Thomas, 
1962, pp. 465-473). 

First, the coefficient A decides whether the parabola "opens'* on the "top" 
or "bottom." Fortunately, A depends on the y coefficients only and does 
not depend on the inventory distribution. 

The case when A > 0 is the more favorable one because then — at least for 
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V large enough--P(V) > 0 and so is positive for large enough volume of 

advancements . 

The case when A < 0 supplied some of the instances where the 
problem of a negative variance arose. Even when it did not for current volume 
of advancements, the potential was there that at some volume levels, reached 
in some future fiscal year, P(V) and so also would turn negative. To 

forestall such eventuality a "correction 11 was made in the y coefficients. 
Namely a new set of y coefficients was defined as 

y^ = [y.] + = max (0, y ) for 1 <_ i <_ 31 . (9) 



Then and were recomputed with y^ replacing every y^ value, 

1 < i < 31. Then from (8) and (6) 



A = 21 S ( Y ') S.(y') - 16 S?(y' ) 
o l 1 



.2 16 



( 31 31 

1 [ y] I i y: 



,2 



31 



(31)" iU (i=l " i=l 



l iv! 



1 h-i 1 



> 0 



( 10 ) 



using the Cauchy-Schwarz inequality (see e.g. Thomas, 1962, p. 132) with 
a. = /yT and b. = i/vT. 

i i i 'i 

With the case A < 0 eliminated by design, the possibility of A = 0 still 
remained. From (10) it is evident that A = 0 could occur only when y^ = 
same value for all i = 1, ..., 31. For all practical purposes this could oc- 
cur only if all original y^ < 0 thus making y^ = 0 for all i = 1, ..., 31. 

Although this did not now occur in any of the pay grades of any of the 
ratings, its future possible occurrence is not ignored. 

With A >_ 0 assured the remaining question is whether or not the parabola 
crosses the V-axis and if so whether on the positive or negative side. Since 
the parabola may be written as 
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its vertex is at the coordinate point (h,k) where 



h 



_B_ 

2A 



and 



k 



B 2 - 4 AC 
4A 



and it crosses the V-axis at the points 



V 



1 



-B 



t4 2 -4AC 

2A 



and 



provided 



= -B + /B 2 -4AC 
2 2A 

A = B 2 - 4AC > 0 



(ID 



The case when A < 0 causes no alarm, since then P(V) > 0 and so 
> 0 for all values of V. 

If A >_ 0 and 0 again problems cannot arise since P(V) > 0 and 

so > 0 for all positive values of V. 

If, however, A >_ 0 and > 0 the problem of < 0 will occur when- 

ever the volume V happens to be lower than V^. Indeed, the computations 
showed that after the M y-correction" was made all problems arose in such cases. 
This problem was solved by the following procedure used whenever < 0 

occurred: 

(i) Let V = smallest integer that is >_ (12) 

(ii) Recompute K^, ^ and using formulas (1), (2) and 

(3) except that V replacing V. 

Although this procedure is quite arbitrary, it does eliminate the problem 
of negative variance, it apparently is needed mostly in cases where the small 



amount of data available created a statistical instability and finally it 



worked quite well in most instances. At any rate, it usually occurred when the 
volume was quite low and so the case was quite unimportant, yet a procedure 
was necessary to assure that the computer will not M hang up." 

Note that the case when A = 0, i.e. the parabola becomes a straight line, 
is covered in the above case. Then 



V 



2 



lira -B + >/b 2 -4AC 
A+0 2A 




( 11 ' 



and the rest follows as before. 

The estimation procedure may be summarized in the following points: 

(i) Perform regression analysis as described in Milch 1976b to obtain 

regression coefficients a^, B^, f° r i “ 1*2, ..., 31. 

2 

(ii) Compute the fifteen parameters S^(a), S^($), S^(B ), S^(y) and p 

/N 

r= 0,1,2; then compute S^(Bl) for r = 0,1,2 as described in Milch, 15 

(iii) Compute A from formulas (8) and (6). If A < 0 redefine y_^, 

1 _< i <_ 31, according to formula (9). 

(iv) Compute K^, and from formulas (1), (2) and (3). If 

^ 0 compute A, B, C from formulas (8) and define V from 

r 

formulas (12) and (11) when A > 0 or formulas (12) and (11 ) 

A A A A 

when A = 0. Then recompute K^, and using V in place V 

in formulas (1), (2) and (3). 

(v) Estimate the gamma parameters via the method of moments, i.e. 



g 




and 




(vi) Compute the discretized gamma distribution: 



f 



(i; 



A) = 



.g-i -Ai 



31 

I 

j=l 



I j S_1 e"^ 



for 1 < i < 31 . 
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(vii) If g > 50 use the discretized normal distribution instead of the 




for 1 < i < 31 



where 



U 



K and 



o 




The last step was used to avoid some computational difficulties with the 
gamma distribution when g > 50. 



B. Some Data Problems 

Some difficulties with the data was described previously in reports Milch, 
1976a and 1976b. All data used here were supplied by NPRDC. The regression 
analysis was performed with the data for the 1966-76 period or whatever portion 
of it was available for a specific pay grade and rating. 

The net inventory data was computed by NPRDC from beginning inventory and 
non-recruit gains and losses. This data bears the label of matrix ID997. 
Advancement data was available both "into" a pay grade and "out of" a pay 
grade. Generally advancements "into" a pay grade were used here. This data 
bears the label of matrix ID800. 

There were some exceptions to this in cases where so-called general ratings 
and service ratings interrelate at a certain pay grade level. 

In Appendix A a list of all ratings and their codes is given. The list 
also indicates the range of pay grades (PG) for each rating. A distinction 
between general (GEN) and service (SER) ratings is also shown in the list. 
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This is essential because of the way service ratings are related to certain 
general ratings. Basically two types of relationships exist: 

(i) "branching off" relationship where a service rating branches off from 

a general rating at some pay grade, e.g. the rating Legalman (LN, rate 

code 1750) branches off the rating Yeoman (YN, rate code 1700) at pay 
grade E5; 

(ii) "merging" relationship where two or three service ratings merge into 

a general rating at some pay grade, e.g. ratings Missiles Gunners Mate 

(GMM, rate code 0601) and Guns Gunners Mate (GMG, rate code 0604) merge 
into rating Gunners Mate (GM, rate code 0600) at pay grade E8 . 

These service ratings and their relationships to their general rating are 
shown graphically in Appendix B. 

For both types of service ratings some explanation is necessary regarding 
the use of the data and the estimation procedure. In the case of a service 
rating "branching off" at a certain pay grade, e.g. rating 1750 branching off 
rating 1700 at pay grade E5, the regression analysis for the service rating 
in pay grade E5 used the net inventory of pay grade E4 of the general rating. 
Similarly when estimating advancements to pay grade E5 of rating 1750 (service 
rating) via the estimation procedure described in Section A the appropriate 
inventories are those in pay grade E4 of rating 1700 (general rating). 

Another exception arises when estimating advancements from the highest 
existing pay grade of services ratings that merge into a general rating. Here 
the advancement data used in the regression analysis was advancements "out of" 
a pay grade. This data is labeled as matrix ID810. In these cases there were 
two or three sets of estimated advancements to the lowest existing pay grade of 
the general rating, namely one from the highest existing pay grade of each of 
the relevant services ratings. To distinguish among these sets of estimated 
advancements, they are listed among the service ratings even though they are 
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advancements to a pay grade that exists for the corresponding general rating 
only. To draw attention to this fact the rate codes bear a negative sign in 
front of the code number. Thus advancements from pay grade E7 of service ratings 
0601 and 0604 to pay grade E8 of general rating 0600 are shown as advancements 
to pay grade E8 of ratings "-0601" and "-0604." This is evident in Appendix 
C where the errors defined in the next section are shown for all pay grades 
of all ratings. 
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III. COMPARISON OF THE MODEL TO THE CURRENTLY USED FAST METHOD 



FAST, the computer model used by BUPERS to make personnel predictions for 
the Navy Enlisted Force (see Boiler, 1974 and Silverman, 1977) has incorporated 
in it a procedure to predict advancements by LOS. The procedure first computes 
historical rates of advancements details of which are described in a working 
paper by Leland (1976) of the Naval Personnel Research and Development Center. 
If these rates are denoted by H^, 1 _< i <_ 31, the advancement LOS distribu- 

tion used by FAST is given by 

0 . 9H . + 0.11. 

F! = for i = 1, 31 

l 31 

y (0.9H. + 0.11.) 

A J J 

i.e. advancements are estimated as a mixture of the historical rates of ad- 
vancements and the current resource population (net inventories). 

To compare the FAST estimation with the estimates produced by this study, 
three measures of error were devised. These errors were defined in Milch 1976b 
and are reproduced here for ease of reference. 

(i) The difference between the actual and the estimated mean LOS of 
advancements : 




(ii) The difference between the standard errors of the actual and the 
estimated LOS distributions of advancements: 

A 2 -^ - 

Here is the sample variance of the actual LOS distribution of 

advancements and is the sum of squares of the difference between 



the estimated number of advancements and the actual mean LOS of advance- 



ments. For example, for the estimated LOS distribution of advancements 
provided by the model in the previous section 



K 2 " V=I E f i = vli (K 2 -2K K +K^) . 

i=l 



2 : 



V 



Note that this quantity differs from as defined by Formula (3). 

For the FAST model KjJ is computed analogously. 

(iii) The Kolmogorov- Smirnov (K-S) Statistic: The largest absolute difference 

between the actual and estimated cumulative sample distribution func- 
tions : 



A = max I l F - [ F 

1 1 1 1 31 j=l J j=l J 



where F^ is the actual relative frequency of advancees in LOS cell 
j and F. is its estimate. In particular, 



F. 

J 



f ( j ; g, X) for the advancement model 
F_! for the FAST methodology 



The meaning of error A^ is quite clear and an accurate estimation pro- 
cedure should have a A^ close to zero. As a rule of thumb, a mean LOS which 
is off by no more than half a year, i.e. | A^ | .3, may be considered a quite 

accurate estimate of the actual mean LOS of advancements. Perhaps for the upper 
pay grades E7 , E8 and E9 a somewhat bigger A^ error is also acceptable. 

The meaning of error A 9 is less obvious. The original thought behind it 
was to introduce an error that would compare the estimated and actual standard 
deviations of the LOS distribution of advancements. The actual standard devia- 
tion, of course, is a measure of the dispersion, about the actual mean LOS, 
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of the actual LOS distribution of advancements. The estimated standard deviatio 



measures the analogous quantity for the estimated LOS distribution of advance- 
ments. It seems more appropriate, however, to compare the actual dispersion 
(i.e. standard deviation) to the estimated dispersion, about the actual mean 
LOS, of the estimated LOS distribution of advancements. This is precisely what 
the error accomplishes. 

Finally, to create a gauge that measures the accuracy of the entire distri- 
bution itself, the error A^ was devised. As is clear from its definition 
A^ compares the actual and estimated cumulative distribution functions and is 
determined by their greatest absolute difference. Contrary to A^ and A^, 
the error A^ is always nonnegative. 

Of these three errors A^ and A^ seemed to be the most useful. Error 
A^ is somewhat difficult to interpret and sometimes took on values that con- 
tradicted both A^ and A^. Indeed, it seems that a method of estimation 
that is accurate in terms of its mean (A^ error) and in terms of the overall 
distribution (A^ error) may be judged to be a satisfactory estimation procedure 

The procedure used here to compare the two estimation methods was to esti- 
mate the FY 1976 advancements for each pay grade of each rating using both the 
FAST and the advancement model. Since actual FY 1976 advancement data was 
available the errors A^, A^ , and A^ could be computed and compared for the 
two models. 

In Appendix C the errors A^, A^, and A^ are listed for every pay grade 

of every rating for both the FAST and the advancement models. These lists pro- 
vide a rating by rating comparison, for each pay grade, of the two estimation pr< 
cedures. One may compare them, for example, in terms of rating 000 which is the 
code for ALLNAVY, i.e. advancements in the entire Enlisted Force. The list of 
errors are shown in Table 1 for easy comparison. 
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ALLNAVY Errors 



PG 


Model 


Error A^ 


Error 


Error A^ 


E4 


FAST 


0.737 


0.103 


0.295 


ADV. 


0.349 


0.232 


0.143 


E5 


FAST 


0.719 


0.009 


0.180 


ADV. 


0.758 


0.177 


0.260 


E6 


FAST 


1.317 


-0.123 


0.189 


ADV. 


-0.032 


-0.134 


0.050 


E7 


FAST 


1.319 


-0.911 


0.151 


ADV. 


0.290 


-0.217 


-.075 


E8 


FAST 


-0.249 


-0.691 


0.057 


ADV. 


0.557 


0.512 


0.116 


E9 


FAST 


-0.538 


-0.924 


0.089 


ADV. 


0.437 


-0.261 


0.110 



TABLE 1 
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From Table 1 the advancement model is seen to be superior, although not 
uniformly so. In terms of error the advancement model is occasionally, 

as in case of E6 and E7 , vastly superior to FAST. When FAST is better than 
the advancement model, as in case of E5 in terms of all three measures, the 
difference is not very significant. 

Since a rating-by-rating comparison from Appendix C is awkward between 
the two estimation procedures, histograms were prepared for each pay grade 
that show the relative frequencies of errors of each type among all the 
ratings. These histograms are displayed side by side for the two estimation 
procedures in Appendices D, E, and F for errors A^, , and A^, respective- 

ly. The horizontal scales were fixed for each pay grade to be the same for 
the FAST and the advancement models to facilitate the comparison. Each 
histogram carries under it a wealth of statistical information related to 
it. Among all these statistical measures appears the median which in this 
case is a value such that exactly half the ratings have errors exceeding it. 
These medians were selected as the best single statistical measure by which 
to compare the two methods. Table 2 provides a summary of these median 
errors for both methods for each pay grade E4 through E9. In addition to 
these six pay grades, the table includes the median errors of all pay grades 
which were taken from histograms also included in Appendices D, E, and F. 

Both the histograms themselves and their brief summary in Table 2 reveal 
that the advancement model does almost uniformly better than the FAST model. 
Notable exception is pay grade E5 where FAST has somewhat smaller A^ and A^ 
errors. It is quite conspicuous from Table 2, however, that in pay grades 
E6, E7, and E9 FAST grossly underestimates the mean LOS whereas the advancement 
model makes only small errors overestimating the mean. 

A disadvantage in comparing the two methods by the histograms in Appendices 



Median Errors Among All Ratings 



PG 


Model 


Error A^ 


Error A^ 


Error A^ 


E4 


FAST 


0.6139 


-0.1074 


.3477 


ADV. 


0.3117 


0.0671 


.1885 


E5 


FAST 


0.4017 


-0.3472 


.1595 


ADV. 


0.4416 


-0.0838 


.2458 


E6 


FAST 


1.0741 


-0.5788 


.2549 


ADV. 


-0.1318 


-0.2534 


.1614 


E7 


FAST 


1.0838 


-1.0086 


.2138 


ADV. 


0.1722 


-0.524 


.1467 


E8 


FAST 


-0.3887 


-1.3209 


.2528 


ADV. 


0.0136 


-0.9930 


.2824 


E9 


FAST 


1.2677 


-5.4752 


.3473 


ADV. 


-0.0516 


-2.0066 


.3709 


ALL 


FAST 


0.6147 


-0.6714 


.2510 


ADV. 


0.2384 


-0.1969 


.2100 



TABLE 2 



D, E, and F is that all ratings, small or large, are treated equally. In actu- 
ality accurate predictions in ratings with only few advancees matter little in 
comparison to ratings where several hundred (or thousand) advancements are made 
each year. For that reason, pay grades with low volume were first eliminated 
and then new histograms produced of the remaining errors. What constitutes 
M low volume" was arbitrarily decided for each pay grade separately. Thus for 
pay grades E4 through E9 the ratings for which the total number (volume) of 
advancements made in FY 1976 were below the numbers 3, 10, 20, 32, 40, and 30, 
respectively, were omitted from the next set of histograms shown in Appendices 
G, H, and I. A summary of the median errors among these "high volume" ratings 
is provided in Table 3. 

The results in these histograms and in Table 3 are not significantly dif- 
ferent from those presented above for all ratings. FAST shows some improve- 
ment, especially in pay grade E9 where ratings of only one or two advancees 
have been eliminated. The advancement model stays at the same level of accuracy 
or improves somewhat . 

Finally, it may be pointed out that there are some cases where both FAST 
and the advancement model produce extremely poor estimates. Most of these 
cases occur in pay grades with very low volume where the data lacks statistical 
stability. Because of the low volume these cases are considered unimportant. 
There are some few instances, however, where the estimates perform poorly even 
though there is sufficient data to have established statistical stability. 

The most notable example is pay grade E4 of rating Mess Management Specialist 
(MS, rate code 2200). Although the volume of advancements was almost 3000 
in FY 1976, FAST and the new model both underestimated the mean LOS of advance- 
ments by unacceptable amounts (2.3 and 1.6 years, respectively). The only pos- 
sible explanation for this is that BUPERS made radical changes in its advancemen 
policy for this rating in FY 1976 which rendered the statistical data of the 
past ten years meaningless. 
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Median Errors 



Among High Volume Ratings Only 



PG 


Model 


Error A^ 


Error A^ 


Error A. 


E4 


FAST 


0.6201 


-0.0885 


.3486 


ADV. 


0.3121 


0.0747 


.1854 


E5 


FAST 


0.4084 


-0.3331 


.1625 


ADV. 


0.4416 


-0.0838 


.2452 


E6 


FAST 


1.1032 


-0.5219 


.2396 


ADV. 


-0.1318 


-0.2176 


.1427 


E7 


FAST 


1.0664 


-0.9393 


.2086 


ADV. 


0.1546 


-0.0644 


.1298 


E8 


FAST 


-0.2780 


-0.9537 


.1632 


ADV. 


0.0691 


-0.3710 


.1979 


E9 


FAST 


0.3253 


-3.4883 


.2218 


ADV. 


-0.2604 


-1.4960 


.2712 


ALL 


FAST 


0.6139 


-0.4915 


.2329 


ADV. 


-0.2604 


-0.1156 


.1889 



TABLE 3 



IV. CONCLUSIONS AND RECOMMENDATIONS 



A rating-by-rating comparison of the estimation method of FAST, currently 
used by BUPERS, and the newly constructed method of estimating advancements 
described previously (Milch, 1976b) clearly shows the overall superiority of 
the latter. Exceptions to this rule do exist, depending also on which measure 
of comparison is used, most notably in pay grade E5. However, FAST practically 
nowhere appears to be overwhelmingly superior to the advancement model. The 
opposite of this occurs in many cases; namely, in pay grades E6 , E7, and E9 
the advancement model outperforms FAST by a huge degree when measured by the 
accuracy of the mean LOS estimate. 

It is recommended therefore that BUPERS modify the FAST model by incorpo- 
rating in it the newly constructed method of estimating advancements. Efforts 
are currently under way to produce programs that will facilitate such a con- 
version of FAST. 

This recommendation is made in full recognition of the fact that the ac- 
curacy may deteriorate in future years. As indicated in Section III, in some 
ratings the estimates proved to be highly inaccurate probably due to abrupt 
changes in advancement policies. Obviously such changes may occur in the fu- 
ture again. Although in such cases the recommended estimation procedure may 
break down there is no reason to think that it would do so more often or to 
a larger extent than the currently used FAST method. 
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APPENDIX A 



LIST OF RATINGS 





RATING TITLE 


RATE 

CODE 


LOW 

PG 


HIGH 

PG 


RATING 

TYPE 


NO. SEK 
RATINGS 




ALL MAVY 


0000 




9 


ALL 


0 


Bi“l 


BOATSWAINS MATE 


0100 


4 


9 


GEN 


0 


n a 


MASTER A 1 AkMS 


OlbO 


b 


9 


SLR 


0 


ON 


QUARTER FASTER 


0200 


4 


9 


GEN 


0 


SM 


signal m an 


0250 


4 


9 


GEN 


0 


OS 


OPERATIONS SPECIALIST 


0500 


4 


9 


GEN 


0 


tW 


electronics warfare technician 


0 A 5 0 


4 


9 


GEM 


0 


STG 


SONAR TECHNICIAN (SURFACE) 


0401 


4 


9 


gen 


0 


STS 


SJMAR TECHNICIAN (SUBMARINE) 


0404 


4 


9 


GEL 


0 


or 


OCEAN SYSTEMS TECHNICIAN 


0450 


4 


9 


GEN 


0 


TH 


T 0 R p E Q 0 M A W S MATE 


0500 


4 


9 


GEM 


0 


G -1 


gunners mate 


0600 


<3 


9 


GEN 


2 


GV-1 


GUf IMF RS MAIL (MISSILES) 


0601 


4 


7 


ser 


0 


GMT 


GUNNERS MATE (TECHNICIAN) 


0602 


4 


9 


GEN 


0 


6 MG 


GUNNERS MATE (GUNS) 


0 604 


4 


7 


SER 


0 


FT 


FIRE CONTROL TECHNICIAN 


0800 


5 


9 


GEN 


5 


FTG 


FIRE CONTROL. TECH. (GUN) 


0 8 0 1 


4 


7 


SER 


0 


F T r! 


FIRE CONTROL TECH. (SURFACE) 


0802 


4 


7 


SEP. 


0 


FTD 


FIRE CONTROL TECH. (‘BALLISTIC ) 


0 5 0 A 


4 


7 


SER 


0 


MT 


MISSILE TECHNICIAN 


0 810 


4 


9 


GEN 


0 


PIN 


MI NEMAN 


0900 


4 


9 


GEN 


0 


ET 


ELFcTrcONICS TECHNICIAN 


1000 


6 


9 


GEM 


2 


ETN 


ELECTRONICS TECHNICIAN (COMM.) 


1001 


4 


b 


SER 


0 


ETR 


ELECTRONICS TECHNICIAN (KAUAR) . 


1002 


4 


b 


SER 


0 


US 


DATA SYSTEMS TECHNICIAN 


1010 


4 


9 


GEM 


0 


I M 


INSTRU^FliTMIAN 


110 0 


4 


9 


GEN 


0 




ALL NAVY - U5N 


1111. 


3 


9 


ALL 


0 


on 


OPT I CAIMAN 


1200 


4 


9 


GEN 


0 


NC 


NAVY COUNSELLOR 


1400 


S 


9 


SER 


0 


Rrt 


radio m a v 


1500 


4 


9 


GEN 


0 


CTT 


COMMUNICATIONS TECH. (TECHNICAL) 


1 611 


4 


9 


GEN 


0 


C T A 


COf-'MUMCATl JNS TECH. (ADMIN.) 


1622 


4 


9 


GEN 


c 


CTM 


COMMUNICATIONS TECH. (flAINT.) 


16? 5 


4 


9 


GEN 


0 


CTO 


COMMUNICATIONS TECH. (COMM.) 


1644 


4 


9 


GEN 


0 


CTR 


CO v iM,U : J 1 0 AT IONS TECH. (COLLECT.) 


1655 


4 


9 


gen 


0 


CTI 


COMMUNICATIONS TECH, (INTERP.) 


1666 


4 


9 


GEN 


0 


YfJ 


YEOMAN 


1700 


4 


9 


GEN 


1 


LN 


legalmam 


1750 


b 


9 


SER 


0 


PM 


personnel man 


1800 


4 


9 


GEN 


1 


UP 


DATA PROCESSING TECHNICIAN 


1900 


4 


9 


GEN 


0 


SK 


ST OKf <E r PEi< 


2000 


4 


9 


GEN 


1 


OK 


OISbHRSTNG CLE° K 


2100 


4 


9 


GEN 


0 


MS 


MESS n AK'AGtEPTFIlJT SPECTALIST 


2200 


4 


9 


GEN 


0 


IS 


INTELLIGENCE SPECIALIST 


2500 


4 


9 


GEN 


0 


SM 


SHIPS SERVICEMAN 


2490 


4 


9 


GEN 


0 


JO 


JOURNALIST 


2600 


4 


9 


GEN 


0 


PC 


POSTAL CLERK 


2700 


4 


9 


GEN 


0 


LI 


L 1 TiiOGR APHLK 


5100 


4 


9 


GEN 


0 


DM 


ILLUSTRATOR DRAFTSMAN 


520 0 


4 


9 


GEN 


0 


mj 


MUSIC I AH 


5 5 U 0 


4 


9 


GEN 


0 




ALL NAVY - US NR 


5555 


3 


9 


ALL 


0 


Ml*. 


MACHINISTS HATE 


3 70 0 


4 


9 


GEN 


0 


EM 


ENGINE MAM 


560 0 


4 


9 


GErJ 


J 



A-l 



APPENDIX a (Continued) 





RATING TITLE 


RATE 


LOW 


HIGH 


RATING 


NO. 






CODE 


PG 


PG 


TYPE 


RATI 


MR 


machinery kepair m an 


3900 


4 


9 


GEN 


0 


8T 


boilerman 


4000 


4 


9 


GEN 


0 


EM 


ELECTRICIANS MATE 


4100 


4 


9 


GEN 


0 


IC 


INTERIOR COMMUNICATION ELEC. 


42 0 0 


4 


9 


GEN 


0 


HT 


HULL TECH 4 1 C I AN 


4300 


4 


9 


GEN 


0 


PM 


patternmaker 


4600 


4 


9 


GEN 


0 


ml 


moulder 


4700 


4 


9 


gen 


0 


EA 


ENGINEERING AIO 


5100 


4 


9 


GEN 


0 


CE 


construction llec trician 


5300 


4 


9 


GEN 


0 


EO 


EQUIPMENT OPERATOR 


5410 


4 


9 


GEN 


0 


cm 


CONSTRUCTION MECHANIC 


5500 


4 


9 


gen 


0 


BU 


builder 


560 0 


4 


9 


GEN 


0 


sw 


STEEL WORKER 


5700 


4 


9 


GEN 


0 


UT 


UTILITIFSMA J 


5300 


4 


9 


GEN 


0 


AD 


aviation machinists ^ate 


6200 


4 


9 


GEN 


0 


AT 


AVIATIC m ELECTRONICS TECH. 


6300 


4 


9 


GEN 


0 


AX 


AV. ANTISUB. WARFARE TECH. 


6310 


4 


9 


GEN 


0 


AD 


AV. ANT I SUB . WARFARE OPERATOR 


6400 


4 


9 


GEN 


0 


AO 


AVIATION OR DANCE NAN 


6500 


4 


9 


GEM 


0 


AQ 


AV. FlRE CONTROL TECHNICIAN 


6520 


4 


9 


GEN 


0 


AC 


AIR COiYTROLHAU 


6600 


4 


9 


GEN 


0 


AD 


AVIATION BOATSWAINS MATE 


6700 


8 


9 


GEN 


3 


ABE 


av. boats mate (Launch/recover) 


6704 


4 


7 


SLR 


0 


ABF 


AV. BOATS MATE (FUELS) 


6705 


4 


1 


SER 


0 


ABH 


AV. BOATS MATE (HANDLING) 


6706 


4 


7 


SER 


0 


AE 


aviation electricians mate 


6800 


4 


9 


GEN 


0 


AM 


AVIATION STRUCTURAL MECHANIC 


6900 


8 


9 


GEN 


3 


AMS 


AV. STRUCT. KlCH. (STRUCTURES) 


6901 * 


4 


7 


SER 


0 


AMU 


AV. STRUCT. MLCH. (HYORAULICS) 


6902 


4 


7 


SER 


0 


A ME 


AV. STRUCT. NECH. (SAFTEY E Q P . ) 


6903 


4 


7 


SER 


0 


PR 


AIRCREW SURVIVAL LQU I PWEMTM AN 


7000 


4 


9 


GEN 


0 


AG 


AEROGRAPHERS MATE 


7100 


4 


9 


GEM 


0 


TD 


TRAOEV^AN 


7200 


4 


9 


GEN 


0 


AK 


AVIATION STOREKEEPER 


730 0 


4 


9 


GEN 


0 


AZ 


AV. M A I M T . AUM IN I STR A T I ONMAN 


7400 


4 


9 


GEN 


0 


AS 


AV. SUPPORT EQUIP. TECHNICIAN 


7500 


6 


9 


GEN 


3 


ASE 


AV. SUP. ED. TECH. (ElECIHICAl) 


7501 


4 


5 


SER 


0 


ASH 


AV. SUP. ED. TECH. (HYD/STRUCT) 


7502 


4 


8 


SER 


0 


ASM 


AV. SUP. ED. TECH. (MECHANICAL) 


7505 


4 


5 


SER 


0 


PH 


PHOTOGRAPHERS MATE 


7600 


4 


9 


GEN 


0 


HM 


HOSPITAL CORPSMAN 


8000 


4 


9 


GEN 


0 


OT 


dental technician 


8300 


4 


9 


GEN 


0 



APPENDIX B 



RELATIONSHIPS OE GENERAL RATINGS TO THEIR SERVICE RATINGS 



(i) "Branching Off" Type 




F* 



« ! 


i 




1 

. ES -i 




r 

i 



E? 



E8 



SERVICE 
RAT INC 
1750 



GENERAL 
RAT INC 
1800 




E9 



E8 i 



E7 



L5 



E5 



.. 



E4 



GENERAL 

RATING 

2000 




SERVICE 

RATING 

0150 



r 



1 

i 



E* 



B-l 



SERVICE 
RAT INC 
1400 



APPENDIX B (Continued) 



(ii) "Merging" Tyoe 



GENERAL 

RATING 

0600 



SERVICE 

RATING 

0601 




SERVICE 
RAT INC 
0604 



GENERAL 

RATING 

0800 



SERVICE 

RATING 

0801 




B-2 



APPENDIX B (Continued) 



(ii) "Merging" Type 



CENERAL 
RAT I SC 
1000 



SERVICE 
RAT INC 
1001 




CENERAL 

RATING 

6700 



E9 



E8 



E7 




T 

i 

i 






SERVICE 
RAT INC 
6704 



SERVICE 
RAT INC 
6705 



SERVICE 
RAT INC 
6706 



APPENDIX B (Continued ) 



(ii) "Merging" Type 



CENERAl. 
RAT INC 
6900 



SERVICE 
RAT INC 
6901 




CENTRAL 

RATING 

7500 



SERVICE 
RAT INC 
7501 




B-4 



APPENDIX C 



1. FAST Model Errors 



LIST OF ERRORS OF ALL RATINGS 



PAYGRADE E4 
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* 
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V>0 .000 


g • - ) / 


-0. 15 7 


C. V, 3 


C • o»d 


-0.270 


0.^32 


0 . 7 4 0 — 


-> . 0 i 7 


_ <\ 2 0/ 


. _/ / . 


C . 7^3 


- C • 7 3 7 
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t 01 



-r09 
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oO 0 
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1 ♦ J 

3.0 



1.244 
-4.-2 s-2- 



1 .442 



-9.234 
- 4 .441 



0. 534 
-Os-56-l- 
0.200 



750 u 


3.0 


0.547 


- 2. 222 


0.336 




750 1 


0 . c 


4 4 v • 00 0 


“ 549 : 000 ” 


999.000 




-.'SOI 


- - -0 9 




^ C.C- j'IP. -T 


e r. r no 1 




1 j U L 


■ ■■ " r\r 


“ 7X» jUv 




7 77 * Uvv 




7502 


c . c 


000 .0GC 


999. CCC 


559.000 




- 7502 


c.c 


9V0 .000 


999.000 


599.000 




750 3 


0 .c 


4 5 4 • u 0 0 


599 .CCC 


599.000 






r r 


cc; ( i’P 


, c c. p. pp 


q q g n n o 










* * 7 » ' / J VJ 






76 0 3 


t .0 


2.5 1. 7 


-9.523 


0.490 




60 6 0 


L l .0 


-0.03 7 


-2. 14C 


C. 157 




6 3 00 


2. C 


1.412 


-10. 429 


0.503 





NOTE: An "error” of 999.000 means that this pay grade does not 

exist in that rating. 
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2. Advancement Model Errors 



PAYGRADE E4 



RATE. CODE 


VDI 1.1 ji r 


FRR i 1 . 


FRR H 2 


EP? m' 3 


0 


543^ 3 • 0 


J .345 


0.232 


0.143 


100 


2060. C 


0.357 


-0.C65 


0. 164 


200 


T37TC 


07215*3 


0.035 


trrm 


... _ 25J - 







f! t r7r. 


n, t24 


300 


1269. C 


0.247 


0. 365 


0.083 


330 


310. C 


-G *2o2 


0.067 


0.197 


401 


4 5 0 • 0 


0 . o 1 2 


C . c \ l 


C7TT3 


404 


3 60 . C . 


-C.C77 


0. 27 \ 


n. i R4 _ 


450 


227.0 


0.377 


0.251 


0. 142 


500 


419.C 


C.365 


0.210 


0.151 


600 


0 . C 


5 5 5". G C C A 


9 '9 9 TOCO 


”9997000 


... 601 


105.0 


C . 2 7 5 


C . 4 6 7 


0.191 


-601 


o.c 


5 9 9 • 0 C C 


955. COO 


999.000 


o02 


179.0 


0 .638 


C.265 


0.281 


604 


o 7 1 • 0 


0.665 


C 7 5 8 7 


072 30 


-604 


O.C 


599.000 


955. 0C0 . 


999. QQO 


800 


0.0 


999 .000 


959. OCO 


555.000 


80 l 


624.0 


0 • C 7 4 


C. 41C 


0.110 


-001 


C • c 


9 9 .0 C" J 


9 5 9 • 0 C C 


' 099 .COO 


302 


43 G. L 


-0.115 


_ 0.C36 


__0. 09 1 


-802 


0. C 


555.000 


995. CCC 


599.000 


803 


2 00.0 


-0.075 


0.128 


0.100 


-fK>3 


O.C 


9 5 ? . u G 0 


9 9 5 • C C C 


5 5 5.000 


8 L 0 


40o • C 


-C.116 


-0.079 


0.113 


9u0 


71.0 


0.463 


0.053 


0.202 


1000 


O.C 


555. CCC 


955. COO 


555.000 


1001 


9 1 3 . C 


— L .240 


-OT089 


0.225 


-1001 


0.0 


9 5 4 . 0 0 0 


555. CCC 


595.000 


1002 


ae5. 0 


-c.cee 


C.288 


0.167 


-1002 


0.0 


955 .000 


599.000 

ib 


999.000 


ttrirQ 


h~tO 


- 0 • ^ 7 1 


— G • C 4 2 


0. 26 3 


1100 


38. C 


C . 5o2 


-0.120 


0.264 


1200 


42.0 


0.446 


-0.1C7 


0.301 


1300 


2322. C 


0*212 


C. 221 


0.089 


itj irl 


HrrrE 


O’. 140 


0 . 4 c 


U • U / 9 


__ .1622 __ 


146. C 


0.222 


-0.156 


C. 250 


16 3 3 


131. C 


-C. 300 


-0. 18C 


0.274 


1644 • 


304 . C 


0.165 


0*037 


0.153 


1655 


173 .0 


G.355 


0.245 


0.166 


1666 


124* G 


C.321-: 


CU236 


- 0*106 



C-19 



1700 


1341 - 0 


0.574 


0.017 


0.244 


1750 


0.0 


999. OCC 


999. OCC 


999.000 


rsoo - 


1 j2 5 .0 


0 • z* 0 6 


-U. 118 


0.861 


Jj400 


0 - C 


555 .000. 


cr.o 


QQQ.nnn 


1900 


420. C 


C. 312 


-0.258 


0.275 


2000 


1548. C 


0.328 


0.002 


0.130 


" - — ■ i 5Q 


crro — 


555.0 GO 


5 5 5 2CC 0 


595.UUU 


2100 


* 329. C 


-c.nn 


-0.054 


n T 213 


2200 


V 2911.0 


1.605 


-0.252 


0. 275 


2300 


136. C 


0.238 


-0.C75 


0.244 


2490 ' 


1041 . C 


0.187 


OTTJFO 


U #Ub u 


2600 


144. 0 


.0.44 7 




Cl. 707 


2700 


279. C 


C. 637 


0. 243 


0.244 


3100 


114.0 


C.560 


-0.C72 


0.238 


3200“ 


4TTTC 


—0.578 


0. 486 


C. 545 


3300 


63.0 


-C.268 


1.102 


0.460 


3600 


O.C 


955.000 


999.000 


999.000 


3700 


3151. C 


C.37C 


0. 163 


0.146 


3~8tf 0~ 


1529. C 


C .2 04 


0VZ41 


0.093 


3900 


552. C 


0.351 


C.173 


G. 134 


4000 


2194. C 


C.C55 


0.C54 


0.056 


4100 


1562.0 


0 .252 


0.C88 


0.126 


^200 ‘ 


1035.0 


U~.-4tr9 


on 84 


C. 149 


4300 


213 7. C . 


0.302 


0.222 


0.117 _ _ 


4600 


13.0 


-0.116 


-0.263 


0.033 


4700 


46. C 


0.516 


-0. 123 


0.250 


500 0 


0 . c 


999 .000 — 


^ 99"; CCQ 


— 999". 00"0 


5100 


1 3 • C 


C.227 


0.C26 


0.190 


5300 


1 05. 0 


0.661 


0. C07 


0.275 


5410 


2o4 • Q 


0.700 


0.065 


0.294 


5500 — 


2 0 3 . C 


0.203 


-0.6 6 4 


G • 2 84 


5o0 0 


. 393. C 


C.542 


-0.060 


0.289 


5700 


116. C 


0.533 


0.213 


0.305 


5800 


196. C 


C • 56 £ 


0. 338 


0.282 


cOOO — 


"0.0 


9 5* 9 • c c c — 


99 9 .000 


— 999.000 


6200 


1602 .0 


0.251 _ 


C.225 


0.123 


6300 


1162. C 


C.263 


C. 306 


0.108 


6310 

* ■ r r\ 


310.0 


0 .024 


0.565 


0.121 


0*0 (J 


544.0 


0 . _ t*. 


C • _ 6 1 


0.230 


6500 


876. C 


0.412 


0.C53 


0.177 


6520 


327.0 * 


-0.155 


0.CS7 


0. 123 


6600 


. 409. C 


0.383 


0. 2 6 £ 


0.208 


6700 


O.C 


959.000 


999.000 


999.000 


6704 _ 


344 ^11 





- 


n. lqn 





C-20 



-6704 


• 

o 


999. 0CC 


999. CCO 


999.000 


6705 


309.0 


0.140 


-0. 197 


0.139 


-6705 


0TC 


5 5 5 . U U U 


55 5. 0 u 0 


565.000 


ft 7 On 


hSd^C 


r. _ ? ? a 


-0- 


n^i7R 


-fa7 06 


0 .0 


999.000 


999.000 


999. 000 


6800 


1171. C 


C.436 


0. 148 


0.221 


69 00 


0.0 


956.000 


9557000 


556 .UUU 


6901 


1131.0 


0.416 


0.1=7 


n T i^o 


-6901 


0 . c 


999. 00C 


999. CCO 


999.000 


6 9 02 


1003 • 0 


0 .448 


0.116 


0.164 


-6~902 


0 .u 


959 . GO C 


999. CCU 


5 9 97X7 JU 


6*03 


3 7 5 . C 


r. - 3 1 4 


n. 777 


_ .... 


-6903 


0.0 


999 .000 


999. CCC 


999.000 


7000 


220. C 


0.431 


0. C65 


0.242 


7100 


<1 G 4 . 6 


0.506 


0.033 


07260 


7200 


_ _ 141.0 


0-55? 


0 - 


0-20.1 _ _ . 


7300 


5 8 9. C 


C.070 


-0. C64 


0.149 


7400 


507.0 


0.511 


-0.C39 


0.262 


7500 


0 . u 


5 56 • o G 0 


999 . CCO 


5997000 


7501 


57. C 


C.422 


rn 

• 

0 

1 


0.759 


-7501 


0 .0 


9 99 .000 


959.000 


995.000 


7502 


06 . C 


C.’213 


C. C60 


0.140 


=^1^02 


0.0 


9 5 6 . o 0 0 


999 .COO 


999 7000 


7503 


116.0 


0 .042 


-C.15L 


0.145 


-7603 


c.c 


999. CCC 


955. 0C0 


999.000 


7600 


208.0 


-0 .053 


-0.C25 


0.134 


■TtrOtJ 


0 ■ "0 


9 .000 


5 6 5. v. C 'w 


559.000 


8000 


29i>3. C 


C.43o . 


-0 .016 


_ 0.137 


8300 


2 25 . C 


0.197 


-0.575 


0. 297 



J. 



NOTE: An "error 11 of 999.000 means that this pay grade does not 

exist in that rating. 



C-21 



PAYGRADE E5 



RATE CUut 


Vfil UMf. 


FPR H ] 


FUR H 7 


FUR a ^ 


0 


32609.0 


C.756 


0.177 


0.260 


100 


799,0 


C.376 


-C. 309 


0.201 


zxro 


4 i 6 • 0 


7 0.677 


-0.4U6 


0.343 ; 


25 Q 


1.9.4. »Q 


n - ? 4 p 


-0-196 


n. ?ai 


300 


804 • C 


C.602 


-0.454 


0.357 


350 


165.0 


0.329 


0.460 


0.091 




3 73 . C 


C .5 5 0 


-0. C72 


0.172 


404 


382. C 


0.060 


0.040 


0.074 


450 


134. C 


0.359 


0.185 


0. 152 


500 


307. C 


C. 983 


0. 2C0 


0.315 





j . 0 


99 V ."000 * — 


999. 000 


— 999.00 0 


601 


6 o . C 


1.193 


-0.C78 


C.329 


"601 


0.0 


999.000 


999. 00C 


999.000 


602 


106.0 


0.913 


-0.157 


0.333 


504 


47 3 . C 


C . 1 6 9 


— C . o 6 1 


0T2Z0 


-604 


0 « c 


9S9 .000 


999.000 


999.000 


600 


0.0 


999.000 


999. CCC 


999.000 


501 


383. C 


C.461 


0.C10 


0.196 


"out 


■■ ■ ■ 0.0 


99 9 • 0 0 0 


9 9 9 . C 0 0 


— 999 --OOO 


602 


365. C 


-C. 103 


-0.245 


0.098 


-602 


0.0 


999.000 


999. 0C0 


999.000 


603 


1 0 o . c 


-0.022 


0.522 


0.26 1 


-au j 


c . c 


9'S"V#-UCO 


9 9 9 • C C 0 


399.000 


810 


177.0 


-0.023 


0 .270 


0.176 _ __ 


900 


4d .0 


0.672 


-C. 460 


C. 289 


1000 


o.c 


999. 0C0 


999. 000 


999.000 


loot 


3 <_ 0 • J 


0.666 


—0.046 


0.199 


-1001 


0 .0 


SSS.CCC ■ 


999.000 


393.000 


1002 


825. C 


C.733 


-0.291 


0.259 


-1002 


0.0 


9,93.000 


999. COO 


933.000 


10 10 


311.0 


— u . C 6 2 


“ C. 157 


0.127 


1100 


56.0 


1.289 


-0.424 


0.369 


1200 


39.0 


0.633 


-C. 273 


0.380 


1500" 

i,ii 


420. C 


0.602 


0.046 


0.231 


loll 


1 J J . U 


1.212 


-0.522 


0.46 3 


1622 


93. G 


C.250 


0.156 


0.140 


1633 

• 


210. C 


“0 .008 


0.C4L 


0.067 


lo44 


156.0 


0.451 


0.225 


C. 171 


1655 


64 . C 


0 . 0 C 6 


0. 22C 


0.150 


1 6 


:i . j 


J..;: 


0.192 


D.l^ 



C-22 



1700 


1 UO 7.0 


0.739 


V 

0.C60 


0.270 


1 75 U 


43*0 


0.049 


-0. 582 


0.202 


IB 00 


34 / • 0 


JTJ93 


-0. 259 


0. 246 


1400 


0. C _ 


<599. nnn 


666 . rnn 


666, op n 


1900 


148.0 


-C.218 


0.028 


0.196 


2000 


929.0 


0.375 


-C.220 


0.273 


tSX) 


0 * L* 


5 55 .OCC 


999. COO 


999. UUU 


2100 


. 174.0 


— Q * 1 4 7 


0-724 


. _. 0-18? - 


2200 


1706.0 


2.995 


-1.337 


0.404 


2500 


108. C 


0.639 


-O.C59 


0.292 


z^ro 


76 5 . C 


J . .39 ( 


-u • / 6 i 


arm 


..._ 2603 ... 


5 3 . C 


_ G.123 


_ __ -0.214 


._ ... D-Uq 


2700 


56. C 


C.264 


-0.451 


0.266 


3100 


56. C 


0.755 


-0.335 


0. 302 


j 3200 


2 5 . C 


1.251 


0 • C56 


0.355 


3300 


__ 2 7.0 __ 


0.000 


1.199 


0.444 


3600 


0.0 


955.000 


999. COO 


999.000 


3700 


3171.0 


C.286 


-0.222 


0.189 


B BOO 


6 5 6 • C 


0 r5 vO ■ ■ 


— 0 • 17 3 


0 • 3 30 


3900 


318.0 


C. 625 


-0.079 


n. 107 


4000 


1067.0 


0.613 


-0.440 


0.363 


4100 


1368.0 


0.2/6 


-C. 155 


0. 164 


42110 


7 o j « C 


0.560 


-0; 155 


0.246 


4300 


1171.0 


0.734 


-0.378 


0. 360 


4600 


15. C 


C.907 


-0.C01 


0.210 


4700 


32. C 


0.123 


-0.578 


0.266 












3UUU 


u • u 


9 99 .0 00 ' 


9 5 9 . l>GO 


y / 9 • 0 0 3 


5100 


15. C 


-C. 358 


-0. 228 


0.197 


5300 


61.0 


0.554 


-0.060 


0.213 


d4 10 


41.0 


-C.451 


1.CC5 


0.263 


55xrd 


7 u • C 


0.270 


Q . 09 3 


. 1 2”7 


5600 


213. C 


0.546 


-0. 16 1 


0.234 


5700 


ol .C 


1.18 5 


0.529 


C. 242 


5600 


130.0 


C .831 


0.093 


0.209 


trt&Q 


0 • 0 


— 9 *n ; u 0 C — 


995 . C CC — rn* 


F — « , 99 - r000 


6200 


742. C 


1.352 


0. 775 


0.222 _ ___ ... 


6300 


525 .0 


0.136 


C.221 


0.053 


6310 


259.0 


0.355 


0. 162 


0.095 






n in*! 






c 41rtr- 


J 6 1 . U 


U • j or — 


U . I rj 


U . 1 V u 


6500 


562 . J 


J.422 


0 . C 0 3 


0.267 


6520 


151. C 


1.177 


0.311 


0. 322 


t oOO 


294. C 


0.659 


-0 .139 


0.287 


670U 


o.c 


5 v 5 .U 0 0 


999. COO 


595.000 


6 /04 


_1 6 A .0 


C.-62.5 


t-C^.476 


CU3B?_ 



C-23 



- 1 7 J ‘t 


J . - 


J 7 7 . j J J 


■7 " > . ) ) ) 


*? v - 7 • G j 0 




6705 


16 S . 0 


C.42Q 


C. C 6 2 


C.226 




— 6T 0 5 


IT • CJ 


555. UUU 


VV5. UUU 


999. UUU 




. 670 6 


1 8 1 .0 


0 « y 6 ] 


-0- 4AA 


n, i a 7 




-6706 


o .c 


995. OCC 


959. 000 


999.000 




6800 


888. C 


C .492 


-0.089 


0.287 




~ 6900 


0.0 


95 i .UUU 


5 5 5 . C CC 


999. OUU 




6901 


716. C 


C. 349 


47? 


n. ?7i 


• 


“69 01 


0.0 


999 .003 


999.000 


999.000 




6902 


614.0 


0.558 


“C. 163 


0.290 




-”^902 


0 . u 


955 . uCu 


'j 4 9 . 0 u C 


9 ’79'. 000 




6503 


225.0 


0.^77 


-n.49? 


0-?7R 




-6903 


O.C 


999.000 


955. CCO 


999.000 




7000 


169. C 


G.1B0 


-0.177 


0.256 




7100 


149VG 


0 . J6 2 


C . 188 


0. 301 




7200 


105. C 


C.651 


0, 741 


0.448 




7300 


211.0 


C.J62 


0.C14 


0.177 




7400 


124.0 


-C .060 


-0.48C 


0.145 




75110 


0.0 


9 5 5 . 0 0 0 


999 i'000 


9992000 — 




7501 


53.0 


Q.312 


-C. 260 __ 


0.275 




-7501 


O.C 


555. OCC 


959. CCO 


555.000 




7502 


45. C 


C.343 


-0.159 


0.294 




-75t>2 


0.0 


9 "95 . UUU 


955. CCC 


55"5T"00 0 — 




7503 


55. C 


0.317 


-C. 508 


0.169 




-7503 


0.0 


9 9 5 .000 


999.000 


999.000 




7600 


45 .0 


0.674 


2.117 


0.400 




I d U 0 


0 • C” 


vsyvGuo 


" 9 9 9 • 0 0 0 " 


999. 000 — 




600 0 


136^.0 


0.743 


sf 

in 

o 

• 

o 


0.245 




8300 


99. C 


-C .407 


C.570 


0.473 





NOTE: A n "er ro r" of 999.000 means that this pay grade does not 

exist in that rating. 



C-24 



PAYGRADE E6 



RATF CCDF 


VDLUV.F 


FRR tt 1 


F R R ft 7 


PR R fr 3 


0 


14051. 0 


-C.C32 


-C.134 


0.050 


100 


458.0 


-0.176 


-0.357 


0.044 


zxro 


13 3.0 


-- 0.7 8 0 


-C. 624 


C TTTT7 - 


?50 


. 146. C 


0.737 


_ 0. 074 


0* 1 r»6 


30 0 


186.0 


-0.235 


-0.143 


0. 147 


350 


102. C 


-C.328 


0. C81 


0. 177 


40"! 


T 5 . C 


-G7CC6 


0.607 


07119 


_JtQA 


163.0 


0 .004 


O.CCfi 


0.050 


450 


55. C 


-C.332 


-O.C54 


0.170 


500 


9o • C 


0.493 


0.170 


0.097 


6 tro 


U • 0 


5 9 9 • 0 0 0 


955 . CCC 


555 -gOO 


601 


64. C 


-1.251 


— 1 . 46 6 


0-7ft9 


-601 


0 • u 


999.000 


959.000 


999.000 


602 


. 70. C 


-C.C63 


0. 569 


0.118 


— sxtA 


o 0 3 . C 


— 1 .110 


-0.217 


q 7X6 0 


-604 


0.0 


_ 599.000 


999. CCC 


999.000 


8 00 


0 . c 


999. OCC 


995. COO 


999.000 


801 


134.0 


0.245 


-G.252 


0.133 


— CrOl “ 


0.0 


995 .UUO 


955. CCC 


— 599 # 000 


802 


162. C ’ 


C . 3 0 C 


0.448 


___ 0.148 __ _ 


-802 


0.0 


599.000 


999. CCC 


999.000 


803 


71. C 


C.171 


-0.442 


0. 131 


— tit) j 


j.e 


9 9 • 0 u 0 


9 99 .CCC 


9 99.0 0 0 


310 


o4.0 


-0.277 


-1 . 199 


0 . 20 ? 


900 


14. C 


-C. 832 


-C. £36 


0.224 


1000 


0.0 


955 .000 


959 .COO 


999.000 


^ jJQ l 


0 • Li 


5 5 7 . u C C 


9 „ 5 . C C C 


595.000 


-1001 


195. C 


C.102 


-0. 146 


0.104 


1002 


0.0 


955.000 


999.000 


555. 000 


-1002 


194 .C 


-C.2S6 


0. 4C l’-“ 


C.140 





5 5 . G 





0 


0.104 


1100 


1 5 .U 


C . 2c2 


C.728 


0.099 


1200 


8. C 


1.175 


-0. 556 


0.219 


1500 

i/li 


295.0 

i- "5 .*\ 


1 .686 


-0. 530 


0.163 


tori 


J <_ . u 


0 • l 


U . L 7 


U. L j i 


162 2 


13. C 


-0.209 


-0.533 


0.119 


1633 

• 


27.0 


U .010 


0.682 


0. 163 


1644 


31. C 


0.215 


-0.147 


0. 110 
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NOTE: An "error" of 999.000 means that this pay grade does not 
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NOTE: An "error" of 999.000 means that this pay grade does not 

exist in that rating. ’"*‘ 
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6600 


37.0 


C.615 


-1.067 


0.195 


6 900* 


0~Q 


9"5'5".“j OU 


959. UOO 


75TTU7I0 


. 69QL_ 


O.C 


. _ 5s 5.ncc 


455 . COO 


555, 00 n _ 


-6901 


14.0 


-1 .571 


-0.403 


0.786 


6902 


0 .0 


959. 00C 


555. CCC 


959. 000 


i 

< 

q 


17. C 


- 0 . SZ9 


U. 55U 


01631 


6903 ... 


J - G 


954 .000 


554 . non 


qqq ,nnn 


-6903 


4.0 


-2.575 


-2.531 


0. 526 


7000 


4. C 


-0.503 


-2.402 


0.275 


7100 


5"TC 


JT7T5 




u'. 234 


7200 


5 .C 


-Q.655. _ 


n . p i 4 


0.221 _ _ _ 


7300 


7.C 


-1.620 


-l .705 


0.426 


7400 


* 5.0 


-3.196 


-1.743 


0. 530 


7500 


1 2 • C 


2V462 


— 0 • 552 


C.428 


7501 


LL«jQ 


9 4 5 . 0 0 0 


qcq . non 


595 .non 


-7501 


o.c 


595. U00 


995. 000 


559.000 


7502 


o.c 


5 55. C C C 


999.000 


599.000 


75t)2 


0.0 


9 s 9 • o* o 0 


5 5 5 • 000 


953.000 


7 5_Q 2 


o.c 


55S.0CC 


555. CCO 


555.000 


-7503 


0.0 


555. CCO 


999.000 


999.000 


7600 


4.0 


-0.611 


-2.748 


0.399 


7800 


0 • 0 


5 5 s • CC C 


955. CCC 


9 5 9 VO 00“ 


3000 


48.0 


1 .55 7 


1.174 _ 


0-520 


3300 


7.0 


1.054 


-C. 755 


0. 253 



NOTE : An "error 11 of 999,000 means that this pay- grade does not 

exist in that rating. 
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PAYGRADE E9 



RATE- CODE. 



0 


453. C 


0.437 


-C. 261 


0.110 


100 


6 . C 


1 .430 


3.630 


0.323 


2 OXJ 


7 .0 


. - L • 5 5 1 


- i . 5 1 3 


3TZTT9 : 


250 


1-0 


C- 43s 


-2. ?n6 


.... 0.91? 


300 


6 • C 


0.698 


-1.149 


0.280 


350 


1 .0 


-4.503 


-4.727 


0.998 


zrtrt 


6 • C 


ZT9TJ 


-0. 546 


CTT53T : 


. ... .. _ 404 


0.0 


994 .noil* 


.955-000. 


_ 999-000 


450 


2 . C 


'0 

O 

r«> 

« 

1 


-1.751 


0.457 


500 


2.C 


0.044 


0.853 


0.371 


600 


3 . C 


-1.613 


-0.530 


0. 2u 2 


601 


c.c 


599.000 


955. CCC 


999. QOO 


-601 


0.0 


955.030 


999.000 


599.000 


602 


3 .0 


-1.037 


-3.618 


0.408 


504 


0 . c 


5^9.000 


999.000 


5 5 9 V 0 0 0 


-604 


0.0 


5-35 .000 


995.000 


555.000 _ 


dOO 


7. C 


C.3S5 


-1.675 


0.158 


- 801 


o.c 


555. COO 


999.000 


999.000 


—otrt: 


0 • c 


995.000 


555 • CCC 


5 9 9.000 


602 


0. 0 


555. OCC 


955. COO 


999.000 


-602 


0.0 


595 .000 


955. CCO 


999.000 


603 


0.0 


559.000 


555. CCC 


555.000 


-803 


0 • c 





y9 9;"CCQ 


999.000 


610 


0.0 


995 .000 


995. COO 


555.000 


900 


2. C 


-0.052 


-2.652 


0.344 


1000 


11. c 


C .660 


-2.127 


0.309 


1001 


0.0 


5 55 • u 00 


— 9 95 . CCO 


555. 000 


-1001 


o.c 


555. GOG 


999.000 


999. UOO 


1002 


o.u 


555 .000 


9 C 9 .000 


995.000 


-1002 


J .0 


95S .000 


999.000-“ 


555.000 


1010 


1 • c 


C . 2 6 2 


-3 • 504 


0.501 


1 lOu 


1.0 


— 1 .4 34 


-2.474 


0.692 


1200 


1. c 


-C.C42 


-3.519 


0.464 


1500 


16. C 


-C.752 


-2.105 


0.287 


loti 


Irt? 


0.1-^ 


— 1 . 63 6 


0.29 3 


1 o22 


l.C ' 


C • fc 2 5 


-C.510 


0.021 


1633 . 


4.0 


1.535 


-2.166 


0.594 


1644 


2.0 


0.984 


-1. 35S 


0.495 


1 o55 


3.C 


-1.182 


-2. 500 


0.503 


l6o c 


3. Q 


.1^153 


1.-406 


Q-_13J 



C-34 



1700 


1 6 • C 


-1.363 


-1.116 


0.216 


1750 


2 • C 


0.61t 


-0.286 


0.493 


I8>0 0 


3 . u 


= XmT2 


- C . b 3 0 


CTTT7 


^1400 


9 . C 


2. 759 


- 1 . r 3 ? 


0.497 


1900 


6.C 


-0.57^ 


-1.540 


0.269 


2000 


9.0 


-C.567 


-2. 427 


C. 265 


150 


6.6 


CT6'4 5 


-0 ."519 


U. X«4 


.. . 2100 


JLUJ 


.540 


-S, 197 


0 T 84.3 


2200 


^0. C 


-1.55c 


-1.145 


0.247 


2300 


2 • C 


-1.932 


-3 .309 


0.675 


2 4 VO 


10 . u 


- 1 • / 3 3 


-L. t- t 


U. 28 / 


260.0 


3. 0 


—1.040 


-3-4?4 


n,4SQ 


2 700 


2.0 


7.754 


-10.521 


0.853 


3100 


l.C 


-1.499 


-3.256 


0. 636 


3200“ — 


1 • c 


1.073 


- 4V5T8 


U. 3 / 3 


. 3300 


4.0 


-2.101 


-7 ."66 


0. 407 


3600 


o.c 


955.000 


955. CCC 


999.000 


3700 


34.0 


-C.202 


1 .646 


0.096 


3800 


9.0 


-0.319 


— 1 • a 3 6 


CTTT7 


3900 


7.0 _ 


C. 3C5 


-1. 533 


Q.211 


4000 


21 .u 


C.703 


-0.678 


0.181 


4100 


31 .0 


C.455 


-0. 651 


0.154 


420 O' 


5 . C 


- C • 4 6 7 


0. 279 


0.19 5 


4300 


21 .C 


-0.027 


-1.266 


0.140 _ _ _ _ 


4600 


O.C 


953. CCC 


955. CCC 


999.000 


4700 


1.0 


— 0 .54 8 


-1.494 


0.656 





0 • «J 


3 v 5". tree 


959. CCC 


999.000 


5100 


o.c 


595. CCC 


955. CCC 


999.000 


5300 


2.0 


4.495 


-10.777 


0.731 


5410 


l.C 


- 1 . 7 1 2 


-2.496 


0.648 


t5O0 


l.C 


1.731 


“5 . C7C 


C . 6 1 6 


5600 


• 5 . C 


C . 1 66 


-1.621 


0. 239 


5700 


2.C 


C. 672 


-6. 521 


0.482 


5300 


0.0 


555.000 


555. OOC 

1 ~ 


999 .00 0 


GOtfo 


0.0 


9 y 5 . 0 U J 


S 9 9 • C C 0 


S 5 5 . 0 J 0 


6200 


15.0 


2.715 


-1. 444 


C.582 


63 0 J 


21.0 


-0.073 


-1.522 


0. 150 


6310 


4 .C 


- C . 4 7 c 


-2. 205 


0.290 




n r\ 








— 6*r0u 


r-TTc 




j • «_ j J 


U • t77 


6500 


4 .0 


-C.504 


-2.432 


0.246 


6320 


3. C 


0 . 3 j 5 


-C. 420 


0.233 


6600. • 


3 • 0 


J • ^ 5 2 


-0.3' 9 


0.232 


6700 


3.0 


-1.76/ 


-2.CC7 


0.274 


6704 


o..c_ 


5 S 5^000. 


959^000 


99l9. CO 3- 



C-35 



-6/04 


0.0 


9 9 9 .000 


999.000 


999.000 






o 70 5 


o.c 


999.000 


995. CC0 


<599.000 






-cTCT5 


0*0 


999.000 


y9'9TU00"' 


'"'999.000 






. _ 67U6- 





666 ,r. oo 


666 ,i)co 


CC9..G0-0-. 






-6706 


o 

• 

o 


999.000 


999. 0CC 


999.000 






6800 


8.C 


-0.793 


-2.852 


0.316 






5 W0 


17.0 


- I • iua 


- 2. C4U 


CTZ'3 1 






6901 


0.0 


999 . non 


sQQ . nnn 


666, ono 






-6901 


0.0 


999.000 


999.000 


999.000 






6902 


o.c 


999. 0CC 


999. COO 


999.000 






-oT02 


u • u 


999.000 


999 . DU'.' 


9s>y .tloo 






6603 


0.0 


9 9 9 .one 


996. mr 


qqq. nnn 






-6903 


o.c 


999. 0CC 


999. CCC 


999.000 






7000 


1.0 


-0.894 


-3.534 


0.552 






7txro 


1 .u 


WTTTZ 


- 6 . 4E6 


U. 88U 






7200 . 


l.C 


n. 743 


-3. 375 


0. 5*53 _ 






7300 


2.0 


2.083 


-4.944 


0.524 






7400 


3.0 


-0.806 


-1.C23 


0.224 






TWO 


l.C 


1.9 25 


l 

IV 

• 

«> 

a 

*■« 


0. It i 






7601 


0.0 


999. 0CG 


999. GOO 


999.000 






-7501 


0 . c 


999. GOO 


999. 00C 


999.000 






7502 


o.c 


999.000 


999.000 


999.000 






-7502 


0.0 


9 V j . 0 6 0 


9 9 9. C oo 


SVb* uuO 






7503 


0.0 


y^.uco 


999.000 


999.000 






-7503 


0 .0 


999.000 


999.000 


999.000 






7600 


1.0 


C.419 


-4.936 


0.505 






To 00 


0 • o 


Vj S • u O c 


™ 999; 000 


999.000 






3000 


1 1 .u 


-U.947 


-1.469 


0.276 






6300 


2.0 


-1.457 


-4. 7C5 


0.532 







NOT E: An "error" of 999,000 means that this pay grade does not 

exist in that rating. 



C-36 



APPENDIX D 

HISTOGRAMS OF A ERRORS, ALL RATINGS, FAST MODEL AND ADVANCEMENT MODEL 
Errors of FAST Model for Pay Grade E4 
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Errors of FAST Model for Pay Grade E5 
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Errors of the FAST Model for All Pay Grades 
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HISTOGRAMS OF A ERRORS, HIGH VOLUME RATINGS ONLY, FAST MODEL AND ADVANCEMENT MODEL 
Errors of the FAST Model for Pay Grade E4 (High Volume Ratings Only) 
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Errors of the FAST Model for Pay Grade E7 (High Volume Ratings Only) 
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Errors of the FAST Model for All Pay Grades (High Volume Ratings Only) 
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HISTOGRAMS OF ERRORS, HIGH VOLUME RATINGS ONLY, FAST MODEL AND ADVANCEMENT MODEL 
Errors of the FAST Model for Pay Grade E 4 (High Volume Ratings Only) 
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Errors of the FAST Model for All Pay Grades (High Volume Ratings Only) 
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HISTOGRAMS OF A 3 ERRORS, HICH VOLUME RATINGS ONLY, FAST MODEL AND ADVANCEMENT MODEL 
Errors of the FAST Model for Pay Grade E4 (High Volume Ratings Only) 
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Errors of .the FAST Model for Pay Grade E6 (High Volume Ratings Only) 



o i 
i 

i 



i 

i 

i 

+ 



i 

+ 

o i 

i 



I 

1 

I 



I 

I 

I 

+ 
m I 
I 
I 



| 

I 

I 

+ 

* I 



I 



(V I 

I 

I 



in | 
l 
I 



'O I 

I 

1 



i o 



W •* * -♦ nl ft A * 
< > * -* fr « * 



# A * 4 ft fr ft 

^ * -x <•**:«- 
«- » { -ft 4 ft -.f -J* 



P- 

“sT 



^ r < f 

v f * > fr 

ft * fr fr -i? 



. < 4 

• * i 
■ fr 5r 



ft •♦ 
H * 
* » 



ft * * * * * 
■ft -ft 4 %* fr fr 



ft * ft * -fr fr 

r. * 4 ♦ K i» 
ft ft fr > * 4 



* *> fr fr V 

-fr ft ft- fr *»■ 

fr *- 4- •* 4 




4 


A 


4 


v. V. 


r * 


fr <■• ■* -A 


•* 


4 ft 


9~ 


? 




■ V 


■fr 


A X 


'./ f - 


■» fr 


fr '*• -» -> 


•.t 


■<• fr 


.< 


fr 


ri 


• ^ 


■A 


A 1 n 


■ai* r* 


-fr fr 


IMS IT -s 


r 4 


fr fr 


ft 


p 


l/t 




















ft 


— m 






•a -H 


T 9i. 


-**--*: /■ A H 


fr 


fr fr 




X' 


0 






-» Ji 


rr v 


» fr 


■R * * A 


IT 


A fr 


fr 


* 








*A * 


* — 


* --k 


fr fr A 


» 


fr fr 


ft 


► 






















ft 




- -#• 


> 


> -Jt <4 * * H 


+ * -M * 


fr 


J* fr 


-> 


ft 




' jr 


•'■it 


A > •** * 


♦ -> 


fr - V *r fr 


'X 


^ ft 


ft ft 


r) 


* 


* 


.+ 4- *> * * * 


> fr rr A- 


> 


ft * 


4 


V 


CNJ 




















ft 


— cn 






- A V 


'Jr A 


fr fr 


fr -> f -i 


fr 


* ft 


-ft 


ft 


• 






)i X- 


* > 


fr 4 


fr -« fr fr 


■fr 


•if fr 


ft ft 








A * 


• • Up 


*• ■> 


fr * * fr 


•fr 


-V ft 


fr' 


ft 


















1 




ft 








A A 


** 


fr- »c 


h A K fr 


V 


ft ft 


-ai* 


-ft 


1 








v » 


* -,'1 


fr fr * * 


fr. 


fr V 


ft 


4 


in 






* 


rv *. 


fr 'a 


+ ft X «* 


* 


■*» * 


4 


» 


O' 




















•— CvJ 


■ A 


A + A 


7 /• 


fr fr 


fr * t fr 


*r 


4 » 


ft 


fr 


0 


■ A 


A 


TT > 


•■r Jr- 


fr •> 


> fr * fr 


:> # »• 


ft 


ft 


•J 


k 


■A 


h ^ 


'S* >■ 


fr T 


* fr ir 4 


-fr 


ft- fr 


-a* 


> 






















ft 




• Up 




r -A 


U- 4 


► > 


fr K> '.4 ■» 




X* * 


>4 


ft 




■ A 


A 


?r ♦ 


* + 


-fr * 


fr ♦ fr # 




ft fr 




ft 


P- 




A 


k- * 


V* fr 


* s- 


* fr 4 fr 


r 


•V fr 


ft 


ft 


o 




















ft 1 


— CM 


• ♦ 


A 


■* *♦ 


f > 't 


fr fr 


fr ft fr fr 




- ft '> 


■ft 


0 




* 


* ■ '*■ 


V* fr 


fr fr. 


-r .* ^ fr 


*4 


1- ft 


ft 


ft 


;> 


■ A 


A 


'4 4 


•> fr 


•fr fr 


fr > i» ft 


./ r 


ft fr 


ft 


ft 


1 
















1 




ft 




A 


hr 


-4 * 


> > 


IT fr 


fr ft ft fr 


A 


*> ^ 


Zt 


ft 




•A 


A 


■ir » 


-c 


♦ fr 


fr fr ft- fr 


y. 


jp ft 


-ft 




; >* 


zz 


XX 


X X 






X 


>'X 




X 


sj- 






















— <\] 


■S 


A 


rr V 


*. «r 


^ ? 


fr fr fr fr 


/ 


rr ^ 






9 


•i 


* 


«■ 1C 


4J- -Jr 


fr fr 


fr ft- fr fr 


»• 


fr ft 


'■ft 


k- 




1 


> 


> A 


t X' 


fr tt- 


V fr tr fr 


,y 


v ft 


-S’- 


> 






















ft 






a- 


* * 


4 4 


-fr fr 


* fr * -fr 




■A -ft 


-ft 




*- 


* 


A •*• 




fr fr 


fr .t » * 


*3- 


•*■ w 


> 


ft 


<M 


Hr 


A 


• H 




-JT rf- 


ft ■» 4- A- 


«'■ 


f* ft 


ft 


i> 


r-i 




















•♦* ■ 


— C\J 






4 > 


f * 


fr -fr 


fr fr >*• fr 




*■ 4 




ft 


• 






a* * 


-r. «jS« 


+ > 


* * ft A 




> ft 




ft 


SO 






4 A* 


<r *** 


fr fr 


ft -ft fr ft 


•fr 


ft ft 


ft ^ 


I 



■4 -X *• * fr J 
k- f w a- » r 



A rt fr « *r 4 * 
-• *• ft ♦ r * ^v* 



♦ * 1* W ^ W ft V 7T 
■1r w f t ■r* T ^ jr fr 



> ft if fr Jr vr 
fr fr » ■* fr - 
v a #- >* fr fr - 



fr *» Tt ft J-' # W 

;► fr 4- * fr < *: 
fr 4 -4 -4 fr 4 i< 



V * *• * fr a- 1 * 
* * -4 * * ^ * *> 

* “ 4- «.< f r -V 



4 A- ft a ft *? * fr i 



fr >c fr ft ** lT .r • 



t a- ,*- -* fr * 
? a x a a * 



U + * 
V -a i r •* 

s- ft a ft 4 



V A ft 

> V > 

V * * 



ft * * A Hi i * ft 

Sr A- ft * ff Ve * * 

4 A 4 4 fr ft * ft 



* ft A 

4 ♦ ♦ * 1C- 4 f> •> 



*5 






O 

<5- 



-> 

O 

-> 



C"' 

I'J 

X 

o 





-4 ft 


ft 


ft 


* 


ft 


ft Hi ± * 


A* 


4 ft 


ft ft 


fr 


t 


ft 


-»r 


4 * 


ft • 


1 






ft 4 


fr 


ft 




«. 


ft 4 ft '(r 


V 


ft > 


» 4 


4 


ft 


4 


■** 


4 tv 


ft -J 


CM 






ft ft 


fr 


ft 


V 


>^- 


■r ► fr 4 


fr- 


ft ft 


ft ft 


fr 


f* 


ft 


> 


ft 


ft 


r> 


Ul 
































fr 


Cj 




H * > * 


i. » ft- ft 


- 


> 


ft 


ft 


4 > f > 


V 


ft y 


* ft 


r 


ft 


4 


4 


ft ft 


ft 


-.»i 








'Mil 

» - v4.L’i VJ 
Mjrv> - ^ c 

x 

rNjuji^u i X 

ujJMrsju V 

u, -'f ^\4 

l* <0 »Q0«* V 

• • • 



UJ< 

! aC 

I 

II 



3 

m 



6 • \r-.,'~ 



ZOOu 



wO 

r»i 

c 



X 

^^-ifNjtr j. 

X • «h: 



in^rvi.- r 

‘ l- 



IMI 

^ i+y 

U^iHV-C 

'TiO< , i<r 

r-^vu>j 

J'X 

uAr-i'sn: 

00>Or-*(\ 



t ♦ » 



r— i>ju'>ofr / 



VJ 



t7)l/ 

un *. 

l n; 4 j , k* 

(0-^5^ - 1 

ZZV St'C* 



X XXvitJ 



OTfSJr-’CN 

V-> ^ ' 

I M 
!/ji,;i.'i 

CTM*-.U 7 

roin— *r i- 
rvi^co- r 



s^mirirjr 
.Hincorr *•! 



0 * 9 < 



j:; 

u x*\*\ 

'< *> C \l 
-.o ft 

4 0.7. ' 

^2^v:| 

r 



) I 1 

I > M 



> V-4 


fr 




M 7 •-!■> 


• 


;> 




G'-4CM^ 




- - 




r^rO ■) ' 


uT 


> 


OJ'TJ.flP 

'Tnf'ji/ 






Li 


•j) 


.s'lU' "ssc 


CM 


1 








X 


-j 


9 * * ' 


■3 


'ti 


CJ 


(MlJrj n 


• 


U. 


:z 




O 




aJ 






t-j 


fr- 






-J 








t 


J 


1 ST? 


vf 


Li 




rr 


ij- 


10 


UL 




. 




w 


-*H 7 ■*" 


• 


| 


■ft 


70* ‘ r - 




i 


"1 
* J 


•■ -Uft-'-'l 



1-5 



- 4 
1 
4 

■4 

} I 



* 

Q 1 

J 



j 

o I 
I 
I 

♦ 
*“* I 
l 
» 

4 

I 

I 

t 



•-* f 

I 

II I 

♦ 

IaJ r-J f 

^ 1 

5 



li< 



*■ * t 
t 
I 

* 

l; 

<*■ 

vO | 

I 

I 

4 

r*» I 
l 
I 

4 

r* l 
v 
i. 

4 
CO I 

I 

I 

4 

-o r 

i 



^ r 
r 

i 

4 

O I 
I; 
t 
+ 
co r 
i 



*■ + <■♦*** 
* 4 * * * * 

» * A A * •> *- 



* * » 
* * * 



o 



4 * * > 
k 4 4 * 

4 4*4 
* * -* -.4 



-4*44 

* w * •.* 

* 4 * * 



it * 4 ;4 

4 r * «> 

*~ ♦ * 3 

f- * 4 > 
fc * » 1* 

* «■ 4 * 

-4 * > > 

* 4 * V 

* X w 2 



4 * 4 
£ 4 * 

4- - 

-4 4 ¥ 
4»4 
A * * 

+ 

I 

I 

4> - 

♦ * 

* * 4 

* * * 

4 

I 

I 



* * * 
4 »4 > 
* * * 
4 

nf4 
♦ * * 

* * S- 

4 * * 
» 4 V 
4 * * 
4 
i 
i 

1 



O' 

•CM 



: | 










-4 ♦ 


a 


* 


■4 


4 4 


4 4 * * 




4 


4 


■4 


# 4 * 


4 4 4 


♦ * 4 


» 


4 4 4 4 


4 « 


4 


♦ 


X- 


4 •*• 


4 


1 










-* * 


Ml 


7 


-.4 


*• + 


* ft +* 


■» 


♦ 


4 


> 


4 > 4 


3 *- •*• 


vv f 


¥ 


♦ 4 3 


4 


X- **• * 


* 


4 «• 


> R 


4 


! j 










* -*■ * 


• 4 


-4 


ft * # 4 * 4 


X 


4 


* 


4* 


4 4 4 4»4 


* X 4 


» # 4 4 4 


4 * 


4 


4 


4 4 


■■♦ * 4 


; j 
































* 4 


4^4 


y 


» * * 


4 


4 <i 


4 


-*r 


4 > • 


H « 


•* 
















1 




















4 


* 


*▼4 4 


-r- 


4 4 


4 


-w 


4 X 


* 4 


-•• 


* 


' 4 4 *4 * 


4 


4- O 


4 


' l 


* » > 


♦ 4 * T4 


5 


4 4 


* 4 * 4 


4 4 4 


4 -r 4 


• 


*4 *• 4 


«• 


4 4 


4 


ft 


* \v 


> 4 


4' 

■« 


* 4 


4 


■4 * 


X 


-4 ■» 


V 


*f 


♦ -4 5 


4 4 ♦ > 




■>» 


#- 


!r 


»-«f 




4 ^ 4 


* 


4 < V 




> 4 


X 


k 


1 4 ♦ X 


♦» 


4.' 


• * 


4- 


■4 * 


■4 


X 4 


* 




* 


4 V 


4 4^4 


•> 


4- 


4 


if 


* * 'K 


y<r > 


4*4 


-* 


4 > * 


X 


4 •»- 


f 


* 


4 «* 


k « 


r 




| 


















i 












j*. 4 . 


X 4 4 


V 


4 « ->3 


* 


« 4 


4 


-4 


•> 4 


4 4 


4 


































■ -<- 4 


4- -v 4 




X *- » 


4 


4 •? 


4 


•*■ 


A V 


4 4 


4 




la. 












. 2L 




2.r 










5 ; 


ii.5. 


5-> 2. 


> 2!-t 


— 


> L. >. 2:2 


z~ 


>.ir: 




i 












4- * 


4 


> 4 


•5T 


4 4 


444 * 


T* 




4 


4 


4 4 <»• 


4 * * 


¥-4 4 


*■ 


4 4V 


4 


> 4 


4 


» 


* -*« 


4 » 


■4 












4 * 


t4 




4 


r ♦ 


> 4 > IF 


4 4 


4 


J- 


< 4 ♦ 


4 -V *• 


i A ' •*► 


4 


* X- ^ 


.«r 


X- * 


4 


> 


3 4 


4 4 


4 




















4 


4 4 4'- 


4 4 


4 


4 


• 4 ~ 


4 4 * 


M* V > 


4 


* v. 4 


4 


4 


«« 


* 


> > 


♦ 4 


4 


t 






|« 












* 


4 4 4 ♦ 


4 


4 


>44-4*4 


4 4* 


4 > 4 




4 * 4 


x- 


4 '» 


* 4 


* 4 


4 4 4 


1 


















4 


4 4 -»c n, 


V 


4 


< 


4 


^ 4^4 t -* 


4*4 


* 


<■#!?> 


> 


4 ?• 


4 


4 


X * 


4 * 


4 

* . 


1 

1 










4 » 


4 




> 


4- ■» 


4 4 4 


JtJ. 


-> 


< 


A 


4 4 4 


A. 4 * 


* » 4 


4 


> v* ■» 


* 


4 *• 


a. 


4 


t 7 


* ft 


*• 


1 










-4 4 


.4 


* 


>44 


4 4 4 4 


4 


4 


4 


4 


*•4 4 


4^4 


4 4 4 


4 


* 4 


-r 


4 vt 


4 


-* 


4 4 


* * 


4 












* 


4 


X 


ft 


4 > 


4 4 ■* > 


> 


> 


4 


5 


» > 4 


»• 4 4 


4 4 4 


4- 


4 « ^ 


♦ 


> 't 


* 


> 


4- _* 


> 4 




► ****»*! 


4 


4 


*■>*-« 4 




■4 


4 


3- 


4-4-3 4 


4 


4 


r 


fT 


t 4 ■*• 


X- ♦ 4 


4^4 


4 


X <• 4 


4 


4 * 


♦ 




4 -» 


r 4 


A 



l 

w 

J’ 



m 

vO 



> 

v-il 

1* 

» 

't 







-a>r j*< ' v," » * < 

ri‘~c. Nr^r.'U 

• •••«»• 

nT 



V.J O L . 

Oi. o 




JZ in . tn >x 



'T'tO <TsT 
c.J ;o * J 
M ; I 

• I.J JU .i^ 

u^fNj^rsjin-H 
u t o .-o cy* (nj ^4 
< 'j -* m ^ -« 

• '*05 00 -<(NJ'JJ 



< 


r** '.mUAv/m 


-C. 





( — 






1 


LL 1 




U 






1 '0 *4 


O' 


•• v* 


u: 


1 7T r -f^i 


X 




O 






uj 


X 


2: 2. </• x 03 <X2 



<0 cj""' 

n ; 0 "\ o 
Mil 1 

»C. V’. • ' . J_ ■*■ ■_ 
cj> r\jr- v' n i 
— m ^(OOjuj 

<j* cr ■_ c mm 
m^^ODmw'ao 
Oir r^,o ( -iO' 

«••<>•• 

mf^^rmsrr- 



rC 

a. 

V) 




> J ^ J* J 





1 


* 4 * ^ i H 


>4»4r-44<-X 


• * 4 4 > 


* 


4*4* 


A 


4 ** 


4 


4 


^ 4 


X 


v >r 


> 


A 


4 




4 


4 


> 


4 '4 


4 


f 


X 


V 


T 4 * 








1 1 1 t 1 t 




4 


















































■4 — 


■-H 


j 




1 ' M 1 *. 1 




m | 






4 


4. 


4 4 4 * 


k 


4 * 


4 


> 


4 •*• 


4 


V 4 




> 


4 


* 


4 


4 


4 


4 * 


4 


♦ 


j 


3 


4 4 * 


• 


j 




ac , 










t 


> 4 4 » 


.t 


4 '> 


4 


4 


> > 


4 


> 4 


> 


4 


TC 


* 


X 


. 


* 


-4 


4 ^ 


■4 


4 


X 


•* 


-4 -4 * 


3 


04 




O^m „<\i (Ni 1 ^' 




1 






> 


4 


4- 4 » 4 


4 


4 * 


4 


4 


♦ 4 


4 


♦ > 


> 


4 




4 


* 


► 


* 


■4 


4 > 


4 


4 


4 


•} 


4 ■» -V 




a. 




- 1-0 -.- 5—*^—* 


O 


4 




















































★ 






> 


f On-vr- 


•/ 


m i 
1 






















4 


4 X 


r 


> 


>«■ 


V 


4 


4 


4 


t ♦ 


4 


4 


if- 


> 


4 4 4 




Q 


J 


^ m»m 0 


•'■M 






















-4 


> ♦ 


4 




4 


> 






4 


4 




* 


4 


4 


4 


4 4 > 


CM 


J 


J 


cn <f ^ 3 - 0 >t cm 


'J 


1 






















-4 


.4 4 


* 


4 


4 


4 


k 


r 


tr 


* 


* 'V 


4 


X 


4 


-;* 


4 4 * 


r* 


X 


• J 


#•'••' 1 


7T 


4 




















































4 — 




• 


D 


T 

\ 

7 

T 

t 

\ 

T 


-i) 


<N | 
































* 


J 


i 


-4 


4 


* 4 


X 


4 


4 


> 


4 > 4 


• 


U. 


v: 






1 
































4 


X 


► 


4 


4 


# 4 


4 


A 


4 


> 


4 4 4 


" 




LU 




O 


1 










| 










1 












> 


•k 


r 


* 


* 


4 


4 


4 


« 




4 4 4 




J 


• — 


X 




4 




















1 
































*■ 




—) 




* < \ 


t: 


<N 1 

1 




















[ 












4 


X 




4 


•4 


4 4 


4 


4 


4 


* 


t ♦ 4 




vC 




^ ; 


ii. 










I 






















4 


X 


t 


4 


X 


4 t 


> 


4 


X 




4 # > 


t 


O 


iC 


-? v- ^ r^i 




| 
































ff 


k 


f 


4 


-4 


x 4 


4 


* 


♦ 


*r 


4 ♦ w 


<■ 

■% 




cr. 


-* - ?. ?: — t t 






Oi 


, 'Z ~~ 


00 








JO 










sf 


















M 












• 




- 


'fO - 3-3 V 






H 


ft 






j 










j 




3 






























0 




u 


V % X U-t 




1 


• 

1 

1 


• 

1 


i 

I 




1 

1 




• 










• 


















• 








1 








u 


xt'—x ?:o c 



1-6 



Errors of the FAST Model for Pay Grade E7 (High Volume Ratings Only) 
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Errors of the FAST Model for Pay Grade E8 (High Volume Ratings Only) 
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